Background: cognitive pharmaceutical services (CPSs) encompass a variety of pharmacists' interventions to optimise pharmacotherapy. The clinical effectiveness of CPSs for aged patients remains controversial. Objective: to analyse and describe the evidence of the clinical effectiveness of CPSs in aged patients by means of performing a systematic review of systematic reviews. Methods: using the recommended methodology by Cochrane, a search was undertaken for systematic reviews of the clinical effectiveness of CPSs in MEDLINE, EMBASE, DOAJ, SCIELO and COCHRANE LIBRARY. Reviews were assessed using the Assessment of Multiple Systematic Reviews (AMSTAR) instrument. Quality of the evidence in the reviews was ranked using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system. Results: a total of 14 systematic reviews and one meta-analysis were analysed. The overall quality of the reviews was moderate. High and moderate strength of evidence was found for the positive effect of certain CPSs on reducing the number and improving the appropriateness of medicines. There was conflicting evidence of the effect on adherence. There was limited evidence of high and moderate strength on clinical outcomes. No positive evidence was found on mortality, hospitalisations, functional capacity and cognitive function. No systematic reviews reported the effect on the level of control of health problems. Conclusions: certain types of CPSs reduce the number of medicines and improve the appropriateness of prescriptions. Longer follow-up periods and/or the use of surrogate clinical variables measuring the short-term impact are required to demonstrate the effect on clinical outcomes.
Introduction
The world population of persons aged 65 or over [1] is growing rapidly from 600 million in 2000 to an estimated 2000 million in 2050 [2] [3] . The physiological changes, comorbidity and polypharmacy of these patients need to be taken into account when determining pharmacotherapeutic goals [4] [5] . People over 65 years have been shown to have a greater risk of presenting medicines related problems [6] [7] [8] [9] . Recent studies have shown a high incidence of adverse drug reactions [10] , adverse drug effects [11] and poorer control of health problems in this population [12] , with a concomitant increase in health care and associated costs [13] [14] .
A concept, 'cognitive pharmaceutical services' (CPSs) has been used to encompass the variety of pharmacists' interventions developed to optimise pharmacotherapy. A CPS is 'any activity in which the pharmacists would use their professional knowledge and abilities to improve pharmacotherapy and disease management by means of interacting with the patient or with other health professional' [15] .
The number of studies and systematic reviews on CPSs is increasing [16, 17] . Many trials [18, 19] highlight the potential positive effect of pharmacists' interventions on the process of the use of medicines, such as adherence, prescription appropriateness and the number of medicines. However, an important issue in healthcare research and practice is to improve patients' outcomes, understood as the magnitude of change in the patients' health status that interventions achieve [20, 21] .
CPSs have been classified into levels of complexity to assist in the evaluation of these complex interventions and to assess of their impact [22, 23] . Pharmacists' interventions range from providing medicines information and improving adherence to more clinically complex ones, such as medication review, disease state management and prescribing interventions [22] . The clinical impact of these interventions needs to be analysed in order to make decisions associated with the optimisation of the available health resources and to identify directions for future research. Performing a 'systematic review of systematic reviews' is a new research strategy recommended for topics on which an important quantity of evidence has been generated yet controversy persists [24, 25] . The objectives of this paper were to critically analyse the evidence from systematic reviews and meta-analysis on the clinical impact of CPS and to determine the effectiveness of these services in aged patients using process and outcome indicators by means of performing a systematic review of systematic reviews.
Methods
A systematic review of systematic reviews and meta-analyses on the clinical impact of CPSs in aged patients was carried out using recommended methodologies defined by Becker and Oxman and Smith et al. [24, 25] .
Selection criteria
Systematic reviews and meta-analyses were included if they reported the effectiveness of any type of CPS on process or clinical outcome indicators of aged patients, regardless of the setting and length of follow-up. Reviews were considered as systematic according to three criteria from the PRISMA check list [26]: (i) 'State questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design'; (ii) 'Describe all information sources and date last searched'; (iii) 'State studies selection process'. The operational definition of CPS used was that proposed by Cipolle et al.
. [15] . The population in the review would have had a mean age over 65 years or been specifically identified in the article with any term meaning 'aged patients'. Published articles in the English, Spanish, French, Italian and Portuguese languages were included. Papers assessing the impact of interventions without the involvement of pharmacists and those reporting only economic or humanistic outcomes were excluded.
Search methods for identification of reviews
Systematic searches were carried out in MEDLINE, EMBASE, the Cochrane Library, Directory of Open Access Journals (DOAJ) and Scientific Electronic Library Online (SCIELO) following the recommendations published in the scientific literature [27] [28] [29] . The retrieved systematic reviews were searched for additional references. 
Data collection and analysis
The selection process was undertaken by discussion between two experts on CPSs. Abstracts were screened and excluded if they did not meet any of the selection criteria. Duplicated records were removed using Endnote®. The complete text of the remaining references was assessed against the same criteria. Abstracts with insufficient information were assessed in full text. Any differences of opinion between reviewers were resolved by discussion with a third CPS expert. The data-extraction form (Supplementary data are available in Age and Ageing online, Appendix S1) was piloted with a sample of three papers. Interventions were categorised using Benrimoj's hierarchical model, which comprises 10 different levels of pharmacists' interventions, according to their complexity of clinical decision making [22] . Indicators of effectiveness were further classified into process and outcome measurements according to the Donabedian definition model of health outcomes [20] . When two or more reviews were found to extract data from the same original study, data were compared to validate reviews' data extraction quality.
The quality of the reviews was assessed using the validated instrument Assessment of Multiple Systematic Reviews (AMSTAR) [30] , which comprises 11 criteria. A score of one was given to each of the criteria with a positive judgment. Papers scored from 9 to 11 were considered high quality, 5-8 indicated moderate quality and 0-4 meant a poor quality review [16] . Process and clinical outcome indicators, reported in each systematic review, were assessed for the level of evidence. The Grading of Recommendations Assessment, Development and Evaluation (GRADE) system [31] was used for this purpose. A researcher ranked the quality of the evidence according to the underlying methodology of the original studies included in the reviews. Based on the judgments provided by the review authors, the upgrading and downgrading factors were identified, and the final quality of the evidence was categorised in high, moderate, low or very low strength.
Results
Review selection and content of the included systematic reviews and meta-analysis A total of 352 references were retrieved. Fourteen systematic reviews and one meta-analysis were included in the final analysis ( Figure 1 ).
The 15 papers [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] contained 110 studies on the effectiveness of CPSs, of which 42 were included in more than one review. The mean length of subject follow-up was 8.25 months (standard deviation = 3.34). The majority of the reviews focused on the impact of interventions on medication adherence [34, 35, 38, 39, 43] and appropriateness of prescriptions [33, 37, [40] [41] [42] . Two studies addressed the effect of CPSs on drug-related problems (DRPs) and associated health outcomes [44, 51] . Rollason and Voget [46] assessed the impact in reducing polypharmacy. Holland et al. [32] meta-analysis determined the clinical, economic and humanistic effect of medication review. Most of the research was undertaken in the ambulatory setting [32, 34, 36, 43, 44] .
. Four reviews [33, 37, 40, 42] focused on nursing home residents, and one [38] included a majority of studies from hospital settings. Two reviews [41, 46] used studies from hospital and residential settings, and one [45] from residential and community. Two articles [35, 39] did not specify the settings of the included studies. Further description of general characteristics of included reviews is provided in Supplementary data available in Age and Ageing online, Appendix S2.
AMSTAR assessment showed a majority of the reviews (8 out of 15 papers) to be of moderate quality [36] [37] [38] [39] [40] [41] [42] [43] . The main limitations found related to the lack of assessments of both the publication bias and studies' quality. Results from the AMSTAR assessment are further described in Supplementary data available in Age and Ageing online, Appendix S3.
Quality of the evidence on CPSs
Every pharmacists' intervention studied in the reviews could be re-categorised in the 10 levels of Benrimoj's hierarchical model [22] based on the description provided by reviews' authors. Many of the papers included different levels of services without differentiating the effect that each one had on the studied indicators. Table 1 provides a summary of the indicators of the effectiveness of the systematic reviews, organised according to their methodological quality and the strength of their evidence. An extended version of this table, showing the results of the systematic reviews on the clinical effectiveness of CPSs, is provided in Supplementary data available in Age and Ageing online, Appendix S4.
High quality reviews
Holland et al. [32] performed a meta-analysis on the effectiveness of pharmacist-led medication review. Based on a subsample, they found a reduction in the number of prescriptions (with very marked heterogeneity) but no effect on mortality (no heterogeneity found) nor in hospital admissions (moderate heterogeneity). They also identified four studies suggesting a reduction in DRPs and some lowstrength evidence of non-conclusive results on a variety of process measurements. Re-categorisation of the interventions showed eight different levels of CPSs.
Forsetlund et al. [33] studied the effect of medication review and the participation of the pharmacists in therapeutic decisions (case conferences and meetings to discuss patients' medication), finding moderate-strength evidence of an improvement in the appropriateness of medicines and no effect on the reduction of the number of falls. a High quality reviews = AMSTAR score from 9 to 11; Moderate quality reviews = AMSTAR score from 5 to 8; Poor quality reviews = AMSTAR score from 0 to 4. George et al. [34] and Van Eijken et al.'s reviews [35] did not show clear conclusions for the effectiveness of medication reviews with follow-up and adherence interventions on actual patients' medication adherence.
Moderate quality reviews
Lau and Dolovich [36] reported a positive effect of 'pharmaceutical care' on the identification and resolution of DRPs as well as non-significant results on the number of prescriptions and on patients' knowledge and adherence. Nevertheless, evidence provided by this systematic review was considered as low-strength of evidence and was not included in further analysis.
Loganathan et al. Interventions from these systematic reviews were re-categorised into three different types of CPSs, adherence interventions and medication review, with and without follow-up.
Low quality reviews according to AMSTAR assessment
Hanlon et al.'s review [44] included a wide variety of CPSs and indicators of effectiveness. The authors found an improvement in the appropriateness of medicines and patient adherence but mostly negative results were found for hospitalisations, outpatient visits and patient knowledge.
Kaur et al. [45] identified 11 out of 14 studies presenting moderate evidence on the effectiveness of CPSs to reduce inappropriate prescriptions. Interventions were recategorised into several levels of CPSs (i.e. clinical interventions, medication review and participation of the pharmacists in therapeutic decisions).
Rollason and Voget [46] did not find a significant effect of pharmacists' interventions on the number of medicines. The authors of this review included a broad variety of CPSs, which ranged from clinical interventions to prescribing services, without differentiating between them.
Effectiveness of CPSs on process and outcome indicators
The clinical effectiveness of each type of CPSs in process and outcome indicators is presented in Table 2 . The positive effect of CPS was clearly demonstrated in the improvement of the appropriateness of medicines. CPSs that gave this positive effect were clinical interventions, medication reviews (with and without follow-up), disease state management and prescription services. The number of drugs was also reduced by CPSs such as interventions to improve adherence, clinical interventions and prescription services. However, medication review services and participation of the pharmacist in therapeutic decisions provided inconsistent results.
Most CPSs showed conflicting results on patient adherence. Negative conclusions were reported in one review for disease state management and prescribing services. Some high and moderate evidence of the effectiveness of CPSs in clinical outcome measurements was found. Negative conclusions were found for the effect of adherence interventions, medication review, prescription services and participation of the pharmacists in therapeutic decisions on mortality. Negative conclusions were also found for the effect of medication review and prescription services on hospitalisations. Medication reviews without follow-up showed no consistent effect on functional capacity and cognitive function. However, there was evidence for the reduction on hospitalisations and outpatient visits for adherence interventions undertaken at discharge. No systematic reviews reported high or moderate evidence of the effect of CPSs on health outcomes.
Discussion
This review identified 14 systematic reviews and one meta-analysis on the clinical impact of pharmacists' interventions for aged patients, indicating the growing importance that this topic has for both researchers and practitioners [16] . The methodology 'overview of systematic reviews' is considered an aid for evidence-based clinical decision-making [17] . However, this design has inherent limitations in that papers reviewed are systematic reviews instead of the original studies. In the present overview, 42 of the 110 original studies were included in more than one review. 'Double counting' is not an issue addressed by Cochrane [24] , therefore care needs to be undertaken when interpreting the results of this type of methodology. Most of the reviews showed a moderate quality based on AMSTAR [30] which is consistent with recent work on the quality of systematic reviews on pharmacists' interventions [16] . We found no reviews which addressed the impact of CPSs on the level of control of health problems. Just two reviews studied the impact on cognitive function and functional capacity which are major areas of concern in aged patients. There was a wide variability in the strength of the evidence and a lack of high and moderate evidence for the effectiveness of CPSs on clinical outcomes, suggesting a direction for future research. The necessity of focusing on clinical outcomes as indicators of the effectiveness of interventions has been widely discussed in pharmaceutical services research [47- [44] NHME NHME NHME Functional capacity NHME NHME NHME [−] [42] NHME NHME NHME NHME Cognitive function NHME NHME NHME [−] [40, 42 ] NHME NHME [+ −] [42] NHME Control of health problems NHME NHME NHME NHME NHME NHME NHME NHME Moreover, studies included in these systematic reviews usually comprised of pharmacist services at different hierarchical levels of complexity [22] and reviews generally did not draw their conclusions taking into account the differences present in the methodologies of the services. The use of Benrimoj's hierarchical model [22] contributed to an understanding of the effect of the different CPSs. As an example, the number of medicines was reduced by adherence interventions, clinical interventions and prescription services, but medication review services and the participation of the pharmacist in therapeutic decisions showed inconsistent effectiveness. Ignoring this heterogeneity may invalidate the conclusions of these reviews. The selection of outcomes used to test the effectiveness of CPSs should have a robust theoretical basis [56, 57] .
Finally, the implementation issues of CPSs should also be considered with process indicators for the intervention itself. Some of the reviews [32, 33, 34, 35, 36, 38, 39] explained the variability of results due to the variable degree of service provision by pharmacists. Some authors [57] also suggest the need to include an operational description of the intervention, so that they may be reproduced in other studies [57] .
Authors' conclusions
The systematic reviews were of a moderate quality according to AMSTAR and composed of a heterogeneous strength of evidence. The evidence generated so far indicates that several CPSs constitute effective strategies to improve the appropriateness of medicines and reduce the number of medicines in aged patients. High and moderate strength evidence on the effectiveness of CPSs on clinical outcomes is scarce. No effect has been reported for CPSs on hospitalisations, mortality, functional capacity and cognitive function.
Practical implications
• Indicators of the effectiveness of the intervention should be chosen according to the level of complexity of the CPS that is being assessed.
• Certain clinical outcome indicators may be not appropriate to detect the short-term impact of CPSs in aged patients.
• Surrogate clinical outcome measures should be used to detect the short-term impact of CPSs in aged patients.
Key points
• High and moderate levels of evidence were found for the effectiveness of cognitive pharmaceutical services, such as 'clinical interventions' and 'prescription services', to reduce the number of medicines and improve their appropriateness.
• There was high and moderate evidence for improving patient adherence using cognitive pharmaceutical services.
• There was no evidence found of the impact of cognitive pharmaceutical services on aged patients' outcomes such as mortality, hospitalisations and cognitive function.
• Many systematic reviews searching for the evidence of the cognitive pharmaceutical services' effectiveness do not take into account, state nor define the different levels of services.
• Longer periods of follow-up and the use of appropriate surrogate outcome indicators sensitive to each cognitive pharmaceutical service should be considered in the studies with aged patients.
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